Introduction
The ALL-1 gene was recently cloned by us and others (Gu et al., 1992; Tkachuk et al., 1992) by virtue of its involvement in abnormalities at 11q23, associated with about 10% of human acute leukemia (Raimondi, 1993; Mitelman, 1994) . The gene rearranges most commonly through chromosome translocations in which it fuses to a variety of partner genes to produce chimeric proteins (Gu et al., 1992; Tkachuk et al., 1992; Canaani et al., 1995) . Altneratively, the gene undergoes partial tandem duplication and produces a bigger protein (Schichman et al., 1995) .
ALL-1 is the human homologue of Drosophila trithorax (trx). The latter is a member of the trx-G family of genes which act as positive regulators of the Antennapedia-bithorax homeotic genes which determine the body structures along the anterior-posterior axis of the fruit¯y. The expression pattern of the homeotic genes is established by the segmentation genes. This pattern is maintained during embryogenesis, mainly through the action of the trx-G and Pc-G gene families (Kennison, 1995) acting to trigger or repress transcription of their target genes, respectively (Simon et al., 1993; Chan et al., 1994; Chiang et al., 1995) . Applying histochemical analysis it was found that the proteins encoded by several Pc-G genes show almost identical binding pattern to around 100 genes on polytene chromosomes on salivary glands (Rastelli et al., 1993; Franke et al., 1992; Lonie et al., 1994) . The two trx-G proteins TRX and ASH1 also bind to polytene chromosomes at dozens of sites; many of these sites colocalize with those of the Pc-G proteins (Kuzin et al., 1994; Chinwalla et al., 1995; Tripoulas et al., 1996) . Binding of some trx-G/Pc-G proteins was found to be dependent on other trx-G and/or Pc-G genes (Rastelli et al., 1993; Kuzin et al., 1994) , suggesting assembly of some or all of these proteins as multimeric complexes on the chromatin. There exists probably several types of such complexes and one of them was recently puri®ed and characterized. Thus, the trx-G protein BRM was found to be the homologue of the yeast and mammalian SWI2/SNF2 protein. The latter is included within the SWI/SNF complex which disrupts nucleosome structure of the promoter of the target genes (Kwon et al., 1994; Peterson and Tamkun, 1995) . Similarly, the trx-G protein TRL (GAGA) acts together with another protein complex which remodels chromatin (Tsukiyama and Wu, 1995) .
The vertebrate homologs of several trx-and Pc-G genes have been cloned and characterized (for references see Orlando and Paro, 1995) suggesting that similar types of proteins are involved in transcriptional regulation in higher organisms. For some of them there is evidence that the mode of their function is similar to that of Drosophila proteins. For example, a targeted disruption of the ALL-1 gene, led to homeotic transformations in mice, and also caused reduced levels of homeotic gene expression (Yu et al., 1995) , suggesting that ALL-1 positively regulates transcription of Hox genes. Similarly, a null mutation of the proto-oncogene Bmi-1, involved in murine acute leukemia (Haupt et al., 1991; van Lohuizen et al., 1991) and homolog of the Pc-G gene Posterior Sex combs, caused posterior transformation along the complete anteroposterior axis of the skeleton which is similar to Pc mutant phenotype in¯ies (van der Lugt et al., 1994) . These data suggest that Bmi-1 regulates segmental identity by repressing Hox genes.
The realization that two mammalian homologues of trx-G and Pc-G genes (ALL-1 and Bmi-1) are involved in leukemia, prompted us to look for related new human genes possibly playing a role in neoplasm. Two domains, highly conserved between ALL-1, TRX and other trx-G/Pc-G proteins, were attractive candidates to use as probes in screening cDNA libraries. The PHD ®ngers constitute zinc-®nger structures with the Cys4-His-Cys3 motif. PHD ®ngers are found in a number of proteins including the Pc-G protein PCL (Lonie et al., 1994 ) and the nuclear protein BR140 which also contain the bromodomain element of BRM (Thompson et al., 1994) . A second important domain (SET), identi®ed within ALL-1 and TRX, is located at the C-terminus of the two proteins. The SET domain was subsequently discovered within the proteins encoded by the Pc-G gene E(z) and its mouse homologue Enx-1, within the product of the trx-G gene ash1, and within the chromatin associated protein SU(VAR) 3-9 (Tripoulas et al., 1996; Jones and Gelbart, 1993; Hobert et al., 1996; Tschiersch et al., 1994) . The SET domain was also identi®ed in a series of proteins with unknown function from yeast, nematode, fungus and plants and is therefore an ancient conserved motif which appears to be present in proteins associated with chromatin and involved in embryonic development. By using ALL-1 SET domain as a probe, we cloned a novel gene designated ALR (for ALL-1 related gene). The properties of this gene, which is highly related to ALL-1, are described here. The Drosophila homologue of ALR was recently cloned by some of us (YS and AM, in preparation).
Results

Cloning and sequence analysis of the human ALR gene
In an attempt to isolate additional genes related to ALL-1, we used a *450 bp probe of ALL-1 SET domain to screen at low stringency the human KCl22 and K562 cDNA libraries, and have identi®ed several positive clones. These cDNAs represented three independent sequences which all contained sequences homologous to the SET domains of both ALL-1 and trx. Interestingly, two sequences (C and H) were highly homologous between themselves and showed less homology to trx and ALL-1, while the third one (a 3.5 kb long clone) showed higher similarity to the latter. We designated the gene containing the third sequence ALR for ALL-1 Related gene. Initial Northern blot analysis showed that ALR sequence hybridized to a single transcript which had slower mobility on the gel compared to that of ALL-1, i.e. this transcript is well over 15 kb. Sequence analysis showed that the ALR cDNA contained a SET domain sequence at the very C-terminus of an open reading frame. To clone the rest of the cDNA, we used conventional cDNA screening, as well as a PCR-based Marathon cDNA ampli®cation procedure of the Clontech Company, which allowed us to clone 1 ± 5 kb segments of the ALR cDNA per one round of synthesis. All ALR cDNAs were used as probes in Northern analysis to con®rm hybridization to the same size transcript. Figure 1 shows the transcripts composed of overlapping cDNA clones covering the entire ALR open reading frame and con®rmed by cloning of several independent cDNAs representing each region. There are two major RNA species varying at their 5' termini due to alternative splicing. This variation results in dierent N-termini of the encoded proteins. We have also obtained individual cDNA clones with several kb long deletions within the open reading frame of ALR; these potential ALR RNA splice forms are yet to be con®rmed by ®nding independent clones with similar structures. There is, however, one exception: cDNA clone nc22 showed an insertion of additional nine nucleotides which encode three amino acids glycine, glutamic acid and threonine (GET) at position 1454/1455 of the ALR protein downstream of the second cluster of PHD ®ngers. In database search we found an identical anonymous EST sequence (accession number W26533). The identification of these two independent cDNA clones with identical sequence suggest the existence of two alternatively spliced ALR RNA isoforms. Interestingly, a 9 nt insertion encoding a GTE tripeptide was found in the human and mouse ALL-1 proteins within a PHD ®nger domain and suggested to be a result of alternative splicing (Ma et al., 1993) .
Altogether we obtained and sequenced more than 18 kb of ALR cDNA. These cDNAs encode a novel protein of 5262 amino acids with a predicted mass of 564 kd ( Figure 2I ). The alternatively spliced RNA encodes a protein of 4957 residues with a predicted mass of 532 kd ( Figure 2II ). ALR protein contains a basic hexapeptide motif which is a potential nuclear localization signal; this is consistent with ALR proposed role as a nuclear protein involved in transcriptional regulation. At the N-terminus of the protein we observed multiple nine amino acids repeats: repeats with the consensus sequences S(P/R)(L/ M)SPPPE(E/D), or PHLSPXXEE or PXLSPXXEX. The biochemical nature of these repeats is not known and database search did not reveal proteins containing similar type of repeats. In the middle of ALR open reading frame, we found an acidic-rich sequence highly homologous but not identical to human cDNA sequences (accession number HO1987) of unknown origin (Figures 2 and 4E ), suggesting that this is a functional domain of the two proteins. ALR also contains several stretches of Gln residues mainly in the middle of the molecule. In addition, there is a strikingly long run of glutamines separated by The ALR genehydrophobic residues, mostly leucine. This sequence is identical to a long polyglutamine stretch of the anonymous cDNA clone CAG40 (accession number X85325) (Jiang et al., 1995) . High concentration of Gln, either as single residues or as short runs, was previously noted in the C-terminal half of trx (Stassen et al., 1995) . Recently, a database search for human, mouse, Drosophila, yeast and E. coli protein sequences containing long runs of polyglutamines was carried out. In Drosophila, these sequences are usually found in transcription factors involved in early development, in particular of the CNS. In mammals, many polyglutamine-containing proteins are encoded by homeotic genes, and by genes associated with neurological degenerative disorders (Karlin and Burge, 1996) .
ALR contains a SET domain and PHD ®ngers similar to ALL-1 and TRX Besides its immense size, the most striking feature of the ALR protein is its sharing of several protein domains with ALL-1 and TRX. The SET domain of ALR resides at the very C-terminus of the protein and is highly homologous to that of ALL-1 (45% identical and 68% similar) and trx (50% identical and 68% similar) over 150 amino acids ( Figure 3A ). Nevertheless, the SET domains of ALL-1 and TRX are more homologous to each other (71% identical, 89% similar). Interestingly, we identi®ed in the Databank two sequences from yeast and C. elegans showing similar degree of homology to the SET domains of ALR and ALL-1/TRX ( Figure 4A ) but even a higher homology to the other two human cDNAs obtained during our initial screening. To get further insight into the structural relationships between SET domains of dierent proteins we have used the PileUp program of the GCG package. The dendrogram in Figure 3B shows that the known SET domain-containing proteins can be subdivided into four families on the basis of SET domain sequences similarity. ALR, ALL-1 and TRX constitute one subfamily, whereas proteins encoded by the yeast and C. elegans genes as well as the other newly cloned human genes (C and H) belong to another subfamily. Finally, some of us have recently cloned (Sedkov and Mazo, in preparation) a new D. melanogaster gene, TRG, which is a likely candidate to be the ALR homolog, based on several structural features including a very high degree of SET domain similarity ( Figure 3B , our unpublished data).
Another common structural motif in ALR, ALL-1 and TRX are the two clusters of PHD ®ngers ®rst identi®ed in TRX and ALL-1 and later in a number of other proteins (Mazo et al., 1990; Djabali et al., 1992; Tkachuk et al., 1992; Gu et al., 1992; Aasland et al., 1995) . PHD ®ngers represent zinc ®ngers with the Cys4-His-Cys3 motif. The longer ALR transcript (ALRI) contains two clusters, PHD1 and PHD2, composed of two and three PHD ®ngers, respectively. The shorter ALR transcript contains the second cluster alone (Figures 2 and 5 ). Besides the generic Cys and His residues which constitute the backbone of the typical PHD ®nger, many more amino acids in this protein domain are conserved in ALR, ALL-1 and TRX ( Figure 4B ), showing high degree of similarity. Overall the PHD ®nger domains are 430% identical and 450% similar in all three proteins.
A high degree of similarity is particularly true for a third Cys-His-rich cluster (termed here ZNF2) located at the C-terminus of ALR and in the middle of ALL-1 and TRX; this region extends over 105 residues and shows over 40% identity and 60% similarity between the three proteins ( Figure 4A ). A fourth region rich in cysteins and histidines which can be also arranged in structures of zinc ®ngers, but not in PHD ®ngers, was identi®ed in the longer ALR transcript and designated ZNF1. It is highly homologous to ZNF2 and the analogous domains in the other two proteins ( Figure 4A ). Our sequence comparisons showed that both PHD and ZNF clusters of ALR, ALL-1 and TRX are highly related and do not show any substantial homology to other known proteins, suggesting that these domains in the three proteins have very similar functions. Although it is not known whether the PHD and zinc ®ngers are required for DNA binding or protein-protein interactions, they are functionally important since deletion of these structures in the trx protein results in its loss of ability to trans-activate expression of the Ubx gene in a Drosophila cell line (Chang et al., 1995) . Besides the SET domain and the cystein-histidine rich motifs, ALL-1 and TRX contain several relatively short homologous domains (Tillib et al., 1995; Stassen et al., 1995) . Interestingly, two of them are also found in the ALR protein ( Figure 4C , D, Figure  5 ). In all three proteins the ®rst domain (ATA1) is located just C-terminal to the ZNF2 cluster and the second domain (ATA2) maps upstream to the SET domain. The ZNF2, ATA1, ATA2 and SET domains are all clustered at the C-terminus of ALR. The former two are separated from the others in ALL-1 and TRX ( Figure 5 ).
Northern blot analysis of ALR expression
Initial analysis revealed a major ALR transcript expressed in a variety of human hematopoetic cell lines, such as K562, KCl-22, RS4 : 11, B-1, 380, ALL-1, 697, GM1500 and in T98G (glioblastoma) (not shown). The estimated size of ALR RNA is 18 kb, matching the size of the cloned cDNAs. ALR RNA is expressed in many adult tissues with the highest levels in the heart and skeletal muscles ( Figure 6A ). To compare tissue speci®city of ALR and ALL-1 expression we rehybridized the same ®lter with ALL-1-speci®c probe. Interestingly, both ALR ( Figure 6A ) and ALL-1 (not shown) are expressed in all tissues examined except in the liver. (ALL-1 RNA is expressed at very low levels in kidney.) The absence of a signal in RNA prepared from liver was not caused by degradation of the sample since the same ®lter was used successfully for detection of other transcripts (not shown). To get an initial insight into the temporal pattern of ALR expression during mouse embryogenesis we have cloned mouse ALR cDNA and used it as a probe for Northern blot analysis of RNAs prepared from dierent embryonic stages. Expression of ALR RNA was detected predominantly at three early embryonic stages, days 7, 11 and 17 with an appreciably lower signal in 15 day old embryos (not shown).
Developmental expression pattern of ALR visualized by in situ hybridization
Expression of the ALR gene was analysed by whole mount in situ hybridization. By day E9.0 we detected The ALR gene R Prasad et al ALR transcription in the maxillary and mandibular regions of the ®rst branchial arch ( Figure 7A ). The signal seems to be present in ectodermal cells of the arch; a much weaker signal is detected in mesenchymal tissue. This was con®rmed on the transverse section through the mandibular component of the ®rst arch (not shown). Intense staining was observed at the caudal end of the embryo possibly in the cloacal region ( Figure 7A) ; this signal was continuously present in E9.5 ( Figure 7C ), E10.5 and E11.5 embryos (not shown). During the next E9.5 day ALR is expressed in the 1st and 2nd branchial arches ( Figure 7B ). Staining was also observed in the nasal pits, in mesenchymal component of the limbs and in the somites. In the somites staining demarcates the edge of the somites, especially in those adjacent to the developing hindlimb ( Figure 7C , also see ALR expression in the E10.5 somites on the Figure 7J) . We also detected signal in the neuroectoderm, that gives rise to the optic stalk, and in the neuroepithilium of the telencephalon ( Figure 7B ). At day E9.5 ALR expression was seen in the developing excretory system. Signal was observed in the mesonephric duct and in the developing mesonephros ( Figure 7D ). At E10.5 ALR continues to be expressed in the same regions as on E9.5, as well as in a number of additional structures. We observed ALR RNA in Rathke's pouch, in the¯oor of diencephalon and hindbrain, in the epithelial cells lining of olfactory (nasal) pit, and in neural crest derived structures as the nasal placodes and the dorsal root ganglia ( Figure  7D,E,G,H,I ,J). Rathke's pouch is the primordium of the pituitary, which is known to be derived from the most anterior ectoderm. Expression of the ALR gene was present in the hindbrain where it appeared to exhibit a segmental pattern ( Figure 7F ). We observed four distinctive stripes bilaterally within the¯oor of the hindbrain; they extended to the junction of thē oor with the roof, and they did not span the midline of the hindbrain. The roof of the hindbrain remained unstained. A cross section at the forelimb level of the E10.5 embryo localized ALR expressing ®elds of cells to ventro-lateral regions of the neural tube ( Figure  7K ). The signal was very weak and was visualized on other cross sections made at cervical and sacral levels (not shown). The staining was also seen on the periphery of the eye ( Figure 7E ), where it is most likely associated with the outer layer of the optic cup and in the lens. In addition, at later stages signal was observed in ciliary muscle (not shown).
In the limbs of E10.5 embryo ALR expression pattern becomes more localized ( Figure 7E ). Central mesenchymal portion as well as the base of the developing limb do not appear to be stained, while the signal is observed in dorsal and ventral cell masses at the distal part of the limb. It is seen more clear in the limbs of E11.5 embryos ( Figure 7G,K) . Currently we cannot exclude the possibility, that the ALR gene is also expressed in lateral plate-derived connective tissue of the limb. Interestingly, at E11.5 the signal was not present in the apical ectodermal ridge (AER), a prominent strip of thickened epithilium along the rim of the limb bud ( Figure 7L ).
The human ALR gene maps to chromosome region 12q12-13
DNA from a panel of rodent-human hybrids, together carrying most human chromosome regions, was tested for presence of the ALR locus by PCR ampli®cation. Hybrid DNAs were scored positive if they exhibited a 600 bp ALR human speci®c product (or a 180 bp product when using a dierent set of primers). DNAs from hybrids retaining chromosome region 12p13.1?qter in common exhibited the ALR speci®c product; those without 12p13.1?qter did not, as summarized in Figure 8 . To further re®ne the localization of ALR, the Genebridge radiation hybrid panel was tested by PCR ampli®cation for the ALR fragment. The scoring data was submitted to the WICGR mapping server (www-genome.wi.mit.edu/cgibin/contig/rhmapper.pl) and the ALR locus was found to lie within a 13 cR chromosome region, corresponding to a physical size of approximately 340 kilobase pairs (webmaster@www-shgc.stanford.edu), between markers WI-7107 and WI-6327 (D12S1401). Information about physical, radiation hybrid and genetic mapping of nearby loci from the Whitehead Institute, Centre pour l'Etude du Polymorphisme Humain (CEPH) and Genome Database (GDB) (Hudson et Figure 2 Predicted amino acid sequence of the two isoforms, I and II, of ALR protein. In form I, the four clusters of Cys-His residues are boxed (their order from the N-terminus is ZNF1, PHD1, PHD2, ZNF2). Multiple nine amino acid repeats at the Nterminus are shadowed. Arrow at position 672/673 indicates where form I and II diverge. Sequence at 1410 ± 1415 corresponds to a potential nuclear localization signal. Region of 2700 ± 2800 is highly homologous to an anonymous cDNA clone (acc. no. H01987) and presumably spans a functional domain. Runs of glutamines separated by hydrophobic residues are underlined. Interrupted and arrowed underlined sequences correspond to the ATA1 and ATA2 domains, respectively. Thick underline denotes the SET domain. In ALR isoform II, the shadowed sequence contains multiple nine amino acid repeats; the boxed region spanning residues 93 ± 367 is spliced out in isoform I. Bold M indicates the presumed initiation codon for isoform II The ALR geneal., 1995; Krauter et al., 1995; Fasman et al., 1996) places ALR between the vitamin D receptor (VDR) and the glucose-3-phosphate dehydrogenase (GPD1) genes at 12q12?13.
The CEPH A and B YAC libraries were screened by PCR but no YACs positive for ALR were found. A search through the Whitehead YAC contig database showed only ambiguous positives for WI-6327. Furthermore, there is a gap in the chromosome 12 YAC contig map immediately centromeric to GPD1 (Krauter et al., 1995) , suggesting that the ALR locus falls within this gap.
Discussion
Major motifs in the ALR protein ALR encodes a giant protein of 5262 residues. This protein contains several domains present in proteins involved in development and/or restructuring or chromatin. Foremost among them is the SET domain, usually present at the C-terminal end of more than a dozen proteins from yeast, fungus, worms, plants,¯ies and mammals (this paper; Stassen et al., 1995; Hobert et al., 1996) . Within these proteins, those with a known function include the Drosophila Trx-G/Pc-G members and their mammalian homologs ± TRX, ASH1, E(Z), ALL-1, and ENX-1, as well as Drosophila SU(VAR)3-9. All these were shown, or are presumed to be, associated with chromatin. Applying computer analysis, we showed here that ALR's SET is most related to the analogous domains of ALL-1 and TRX. ALR contains ®ve PHD ®ngers in two clusters. This recently recognized motif (Aasland et al., 1995; Saha et al., 1995) , is present in proteins of lower and higher eucaryotes including the trx-G/Pc-G proteins TRX, ASH-1, PCL and ALL-1, as well as in the AF-17 and AF-10 proteins which fuse to ALL-1 as a consequence of leukemiaassociated 11q23 chromosome translocations. ALR PHD ®ngers show the highest homology to the corresponding domains of ALL-1 and TRX. Four other regions of ALR, including two Cys-His-rich domains, are highly related to domains in ALL-1 and TRX. Figure 3 Comparison of the SET domain in dierent proteins (a). Alignment of SET sequences of ALR, ALL-1, TRX, the predicted yeast protein Y123.9 (acc. no. P38827), and the predicted C. elegans protein C26E6,10 (acc. no. U13875). Shaded boxes denote identical residues in all proteins. Asterisks indicate invariant residues found in eleven SET domain proteins (Tripoulas et al., 1996) . (b) Dedrogram created by aligning SET sequences applying the Pilup program (GCG package): G9A, a human protein (Milner and Campbell, 1993) ; ORFKGIT, a predicted human protein (Genbank acc. no. D31891); SUVAR(3)9, Drosophila suppressor of variegation (Tschiersch et al., 1994) ; E(Z), the Drosophila Pc-G protein. Enhancer of zeste (Jones and Gelbat, 1993); ENX.1, a mouse homologue of E(Z) (Hobert et al., 1996) ; C and H, novel human proteins with SET domain cloned by us (unpublished); C26E6.10 and Y123.9 are referred to in (a); ALL-1, the human ALL-1 protein (Gu et al., 1992) ; TRX, Drosophila TRX (Mazo et al., 1990) ; TRG, a novel Drosophila protein highly related to ALR (our unpublished results); ASH1, the Drosophila trx-G protein, ASH 1 (Tripoulas et al., 1996) ; KO9F5.5, a predicted C. elegans protein (acc. no. U37430). Several other anonymous sequences with partial short SET sequences were not included in this analysis
Expression in adult cells
ALR was found expressed in a variety of human hematopoietic cell lines and in all adult organs, with the exception of the liver. This pattern is strikingly similar to that of ALL-1. Analysis of related mammalian genes in adult tissues indicated ubiquitous expression of the Pc-G gene Bmi-1 (Haupt et al., 1991) . In contrast, the ph-like mouse gene Rae-28 is expressed only in the brain, thymus and testis (Nomura et al., 1994) , the Psc-related mouse Mel-18 gene is predominantly transcribed in neurons (Tagawa et al., 1990) and the E(z) mouse homolog Enx-1, is mainly expressed in testis, muscle, spleen and intestine (Hobert et al., 1996) .
Embryonic expression
At E9.0 ALR RNA is detected at the exterior of the ectoderm and in the central mesenchyme of the ®rst brachial arch. Since the mesenchyme of the brachial arches is derived from the cranial neural crest as well as from the mesoderm, it is dicult to determine the origin of the ALR-positive cells within this tissue. The localization of ALR signal in limbs resembles that of the myoD gene in premuscle cells within the developing limb, although MyoD transcripts can not be detected in the mandibular arch before E10.5 (Faerman and Shani, 1993) , Tlx-1, the murine homolog of Hox11, and Dlx-2 (Tes-1) the murine homolog of the Drosophila Distalless (Dll), both homeobox-containing transcription factors, also show similar spatial and temporal Figure 5 Conserved domains within the ALR, ALL-1 and TRX proteins. SPE, serine, proline and glutamine acid-rich nine amino acid repeats; PHD, PHD ®ngers; ARD, acidic-rich domain; PolyQ, polyglutamine-rich region; ZNF, potential Zn ®ngers; ATA1 and ATA2, regions of homology unique to the three proteins; SET, SET domain. The two ALR proteins are encoded by alternatively spliced transcripts expression pattern in the branchial arches and trigerminal ganglia (Raju et al., 1993; Bulfone et al., 1993) .
Transcription of the ALR gene in the cells of the Rathke's pouch was found to begin on E10.5. The primordium of the Rathke's pouch appears by day E8.5 ± E9.0 as an invagination of the oral ectoderm. Eventually these cells detach from the oral ectoderm and begin to dierentiate in a spatial and temporal order within the developing pouch (reviewed in Simmons et al., 1990) . Corticotrophs (ACTH-positive cells) appear in the ventral pouch at E12.5 and rostral thyrotrophs at E13.5, followed by somatotrophs, lactotrophs and gonadotrophs at E15.5 ± E16.5. Expression of several transcription factors was tied to the processes of commitment and specialization of these cells. This includes the Rpx, Six1 and Six3 homeobox genes which are expressed early in postimplantation development in distinct tissues within the anterior region of the embryo (Oliver et al., 1995a,b; Hermesz et al., 1996) , and by day E9.5 their transcripts appear within the Rathke's pouch. Similarly, Lhx3 (also known as Lim-3 and P-Lim) a LIM domain-and homeobox-containing gene is expressed in the pituitary throughout development from E9.5 onward, as well as in the adult organ (Zhadanov et al., 1995; Bach et al., 1995) . Targeted gene disruption of Lhx3 in mice showed it to be essential for dierentiation and proliferation of pituitary cell lineages (Sheng et al., 1996) . The appearance of ALR transcripts in the pouch at a later stage compared to that of these transcription factors, make it unlikely that ALR is involved in the commitment of ectodermal cells to dierentiate into pituitary.
At E10.5 the ALR gene is expressed in the dorsal and ventral cell masses within the limb bud. By that time cells at the ventral edge of the myotome compartment of the somite migrate to the limb buds to become the limb myoblasts. ALR RNA is not observed in the migratory precursors of the limb muscle, but the labeling correlates with the two major ventral and dorsal premuscle cell masses at the distal end of the limb. We have also observed ALR expressing cells in the ventro-lateral domains of the neural tube. At early stages of development the spinal cord consists of mitotically active cells that are radially arranged in a ventricular layer around the lumen (Sidman et al., 1959) . After mitosis these cells begin to dierentiate and to migrate radially out of the ventricular layer into adjucent intermediate zones. A dorsal-ventral polarity within the neural tube becomes evident during this process since functionally dierent neurons arise in a distinct region (Langman and Haden, 1970) . Motor neurons are known to differentiate within the ventral part of the neural tube (LeviMontalcini, 1950) . ALR expression within the neural tube appears to coincide with postmitotic cells representing motor neuron columns.
To summarize expression of ALR in the embryo, it appears from this initial analysis that the gene is not active in undierentiated proliferating cells, like cells of the ventricular zone of the neural tube, or cells of the apical ectodermal bridge (AER), located at the growth cone. ALR expression rather correlates with the appearance of dierentiated structures, such as motor neuron columns in the neural tube, developing mesonephros, and Rathke's pouch as a future anterior lobe of the pituitary.
Function of ALR
The analysis of ALR expression in the embryo indicates temporal and spatial speci®city. This suggests that ALR is not a global transcription factor, but rather is involved in expression of speci®c sets of genes in multiple embryonic organs. From our results so far, it also appears that ALR acts after proliferation and subsequent to decisions of cell fate. Therefore, ALR might play a role in maintenance of the dierentiation states of certain cells during development. In this respect, ALR is similar to ALL-1 and TRX proteins. This similarity is further emphasized by the sequence analysis ± ALR is the closest relative of ALL-1 and trx. The presence of ®ve homologous domains, positioned in the same linear order in three proteins, strongly suggests that mechanistically they play comparable roles. Based on the above, it is tempting to speculate that ALR is a new member of the mammalian gene family homologous to trx-G/Pc-G. Nevertheless, unlike ALR, expression of ALL-1 in embryos at E10 is predominant in neural and somite tissues (Yu et al., 1995) . Therefore, it is possible that the two genes regulate dierent targets. In this context, we note that the presumed Drosophila homolog of ALR, TRG, encodes a nuclear protein which binds to multiple sites on polytene chromosomes of salivary glands (YS and AM, in preparation) . Identi®cation of the Drosophila genes located at these sites should facilitate the search for their mammalian counterparts targeted by ALR.
Possible involvement of ALR in cancer
ALR was located to 12q12-13 within a region of 3 ± 4 centi Morgan adjacent to the VDR gene. Recurrent chromosome translocations in 12q13-q15 are relatively common in myoxid liposarcoma, clear cell sarcoma, The ALR geneand benign tumors of mesenchymal tumors. The 12q genes rearranged in these three types of malignancies were recently cloned and identi®ed as CHOP, ATF-1, and HMGI-C, respectively (Aman et al., 1992; Zucman et al., 1993; Ashar et al., 1995; Schoemakers et al., 1995) . The 12q12-13 region is also involved at low frequency in several recurrent translocations (such as t(9 : 12)(q34 : q13) in CML, or t(12 : 13 : 15) (q13 : q13 : p11) and t(11 : 12)(q13:q13) in AML) in hematological malignancies (Mitelman, 1994) . Duplication of the region 12q13?ter or the region between 12q13 to 12q21 or 12q22 are common in Non Hodgkin's lymphoma (Mitelman, 1994) . Finally, duplication of the entire chromosome 12 (+12), often as the sole karyotypic marker, is very common in chronic lymphotic leukemia. Also, +12 frequently occurs in ovary, thyroid and Wilms tumors (Mitelman, 1994) . In this context we have recently shown that in AML tumors with duplications of chromosome 11, the ALL-1 gene located at 11q23 is rearranged (Schichman et al., 1995) . This, and the strong homology between ALL-1 and ALR, make it high magni®cation of the ventro-lateral view of the limb of E11.5 embryo; arrows indicate the non-stained zone along the edge of the limb corresponding to the apical ectodermal ridge (AER). Abbreviations: II, second branchial archor or hyod; bp, basal plate; c, cloacal region; d, dorsal; di, diencephalon; drg, dorsal root ganglia; drg (c), dorsal root ganglia at the caudal end of the embryo; e, eye;¯, fore limb; hl, hind limb; ma, mandible; md, mesonephric duct; ms, mesonephros; mx, maxila; n, neural tube; np, nasal pit; op, optic stalk; ov, optic vesicle; Rp, Rathke's pouch; so, somite; te, telencephalon; v, ventral. Scale bar, 100 mm attractive to explore the possibility that ALR is rearranged in hematologic and solid tumors with +12, and in the hematologic tumors with either dup (12q13?12q21 ± 24) or with translocations at 12q12 ± 13.
Materials and methods
DNA cloning and sequencing
cDNA libraries were prepared from ALL-1 and KCl-22 cytoplasmic RNAs utilizing a kit manufactured by Pharmacia, and the lambda ZAPII vector of Stratagene. A PCR-generated 450 bp probe spanning most of ALL-1 SET domain was used to screen the cDNA libraries at low stringency (56SSC, 0.1% SDS, and 610 Dendhardt solution, at 428C). To clone full length cDNA, the Marathon cDNA Ampli®cation kit (Clontech, CA) was used. Human placenta poly(A) + RNA was used for the cDNA synthesis. The blunt ended double-strand cDNA was ligated to the Marathon cDNA Adaptor (Clontech, CA). For the rapid ampli®cation of the 5'-ends (5'-RACE) the following gene-speci®c primers (GSPs) were used in successive walking steps (XbaI, EcoRI or ClaI sites are included in the primers): (a) GCT CTA GAG CGC CGC CGG TAC TGA GAT GAC (b) CGG AAT TCC GGA CCC TCA GCT TCC CCC TTC TTT GGC (c) CGG AAT TCC GGA TCC CAA GGT CCC AGA CCC TTG CTA (d) CGG AAT TCC GGG AGC TGA CCA GGG AGC TTG GTG (e) CCA TCG ATG GAC TGC CTG AGG GAA AGT GAA ACG CAT (f) CCA TCG ATG GGA AGA AGC AGT TGA CTT TAG CCG (g) CCA TCG ATG GCG GTG GAC TCACTATAGGGC. The sequence of the Adaptor primer was: CCATCCAAT-TACGACTCACTATAGGGC; a NotI site was attached to this primer for directional cloning. PCR ampli®cation for the 5'-RACE was performed according to the manufacturer's protocol. The speci®city of 5'-RACE products was determined by Southern blotting using an internal gene speci®c probe. The puri®ed 5'-RACE products were subcloned into the Bluescript SK vector (Stratagene, CA) and sequenced. Sequencing was performed in the ABI automatic sequencer and sequences analysed using the GCG software programs BLAST, FASTA, TFASTA, MOTIFS and PILEUP.
Northern blot analysis
The cell lines used for RNA analysis included K562 and KCl-22 (erythroid and myeloid acute phase of chronic myeloid leukemia), RS4 : 11 and B-1 (4 : 11 chromosome translocations involving ALL-1 rearrangements), 380, ALL-1, 697 (acute lymphocytic leukemias), GM1500 (EBV transformed lymphoblastoid cell line) T98G (glioblastoma). The human multiple tissue Northern (MTN) blot was purchased from Clontech. Each lane contains approximately 2 mg of poly(A) + RNA. Northern blot hybridizations were carried out according to the manufacturer's instructions.
Whole mount in situ hybridization to mouse embryos Embryos were obtained from C57B/6J mice. The time point of vaginal plug observation was designated at 0.5 day post coitum, and embryonic stages are listed as days post coitum (E followed by the number of the day). Hybridization experiments were performed as described (Sheng et al., 1996) . Digoxigenin-labeled RNAs were prepared (Boehringer Mannheim kit) from mouse ALR cDNA cloned into the MPU 3 plasmid vector. The insert was 1865 bp long and corresponded to the human cDNA sequence spanning 13433 ± 15298 bp. The plasmid was linearized by digestion with NotI or BamHI enzymes to prepare antisense or sense strand probes, respectively. Anti-digoxigenin antibodies (Fab fragment) conjugated with alkaline phosphatase were purchased from Boehringer Mannheim.
Chromosomal mapping
Rodent-human hybrids were obtained from the Human Genetic Mutant Cell Repository (HGMCR Coriell Institute, Camden, NJ). Genebridge radiation hybrid panel was purchased from Research Genetics (Huntsville, Alabama).
The oligonucleotides for generation PCR products were designed using the computer program Oligo 4.0 (National Biosciences). Primers used to amplify a 600 bp ALR product were: MF, 5'-ACTATTGTGCGATGCTGG-3' and MR, 5'-TCCTGGGAAACTGCTGCT-3'. Primers U3ut3b, 5'-GTGAGCAAGAGCTGAGCTCT-3' and U3ut7b, 5'-GCAC-TATGAAAGTCAGCC-3' were used to amplify a 180 bp product. PCR reactions were carried out in a ®nal volume of 12.5 ml and contained 10 mM Tris-HCl, pH 8.3, 50 mM KCl, The ampli®cation was performed in a Perkin-Elmer Cetus 9600 thermal cycler for 30 cycles (948C for 30 s, 588C for 30 s and 728C for 30 s). The PCR products were visualized by ethidium bromide staining after electrophoresis in 1.5% agarose gels. The ampli®cation product was sequence to ensure its identity.
